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Introduction

In choesing a 32-bit PCM synchronization pattern, or sequence, for the CCSDS
Packet Telemetry and Telemetry Channel Coding Recommendations the following
constraints were applied:

1. NASA makes frequent use of PSK (suppressed carrier) modulation for both
telemetry and command transmissions. Such transmissions are subject to
polarity ambiguity. Also, tape-recorded telemetry is frequently played back
in reverse to avoid the complication and inefficiency of rewinding the tape
recorder before a data dump. Therefore, the probability of false
synchronization (i.e., "false alarm" or Type II error) should be minimal when
the synchronization sequence is autocorrelated with itself, its complement,
its reverse (mirror image), and its reverse complement, over the range of the
prevailing channel signal-to-noise ratios.

2. Since two distinct modes of synchronization operation invelving synching
for frames or code block will be used, the condition in (1) should also be met
for the case of cross-correlation of this synchronization sequence with one
other synchronization sequence.

3. The probability of synchronization failure (i.e., "false rejection" or
Type I error) should also be kept reasonably low. This was done by allowing
up to two bit errors in a "correct"™ synchronization word. It was assumed that
it was not necessary to make any other allowance for Type I errcors. In a
practical case, additional considerations like run lengths or balance of 1's
and 0's might enter into selecting a synchronization word.

Rationale:

According to the CCSDS Packet Telemetry Recommendation, a2 unique synchroniza-
tion sequence is needed for either the R/S3S code block or for the transport
frame synchronization if R/S block synchronization is not used. It is assumed
that the ground system does not know in advance which situation exists. In
addition to performing the synchronization function, these codes must not be
mistaken for one another.

The original 32-bi% synchronization codes tested were obtained from a variety
of sources: existing telemetry standards, published and unpublished papers, 3
new exhaustive search, etc. Therefore they represent a good sampling from a
very large number oS possible choices.



Procadure:
Case 1: Autocorrelation

In this case the incoming synchronizatisn sequence is "compared" to four
synchronization "recognizers" containing respectively: the synchronization
sequence, its complement, its reverse, and the reverse complement.

The incoming sequence is allowed to enter all four recognizers simultaneously
in serial steps one bit at a time, and the correlation for each recognizer is
evaluated for each step. There are 53 such serial steps for which there is
some degree of overlap between the incoming synchrcnization word and the
recognizers, 62 of which represent incorrect synchronization positions and one
of which i{s the correct synchronization position, In the non-overlap region
the bits are considered to be random with a probability of agreement equal to
0.5 . The probability of false synchronization over the incorrect
synchreonization positions was calculated for each recognizer allowing up to a
total of two errors in the incoming 32-bit synchronization word, and the
probabilities of false synchronization for each recognizer were added.®

To produce a false agreement in the overlap regions the disagreeing bits of
the incoming sequence must be changed with a2 prodability p, and the agreeing

bits must remain the same with a probability 1-p (p is the channel bit error
probability}.

Thus the probability of false synchronization is the sum of the above (4 X
63-1) probabilities; i.e., the probatility for all steps except the one where
the recognizer is the same as the synchronization sequence and the shift
number is 32 (all agreements in this r~ecognizer except for up to 2 bit
errors)*,

a s -1 -2 -3 -5
The probability p was allowed to take on values of 10 , 10 -, 10 and 10 -,
and correct synchronization was declared when at least 30 out of 32 bits were
in agreement.

The above procedure was repeated for each candidate sequence for each of the
32 ring (cyclic) permutations of that sequence and the permutation with the
minimum probability of false synchronization was selected. Based on the
above, a set of candidate codes having relatively good performance was
selected. The nine sequences tested are shown in Table 1 and the
probabilities of false synchronization for the best rotation are shown in

-1 -2 - -
Table 2, assuming channel bit error probabilities of 10 , 10 ~, 10 3 and 1C

respectively.

5

Note: The "false synchronization™ probabilities calculated here apply to the
62 steps where the synchronization word is passing through the recognizers.
The actual system operational false synchronization probability would depend
on 2 number of additional factors such as frame or block length, acquisiticn

¥ In the actual caleulation, I adopted shortcuts based on the very small
probabilities involved; see Appendix A.
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and lock strategies, redundancies in the data, etc. These considerations are
system peculiar and are cutsicde the scope of this paper. The term "false
synchronization" is retained to simplify the explanation; the numerical values
of "false synchronization" probability calculated below are sufficient

to rank the desirabilicty of the candidate words but do not represent a
calculation of actual false synchronization probability in any particular
system.

Case 2: Cross-correlation

The fazlse synchronization probability was calculated for each pair of the
above sequences {(cross-correlation) in the manner described in Case 1 except
for the ring permutation part; in Case 2, the pair with minimum false
synchronization probability (i.e., cross-correlation) was selected. In other
words, it was assumed that between the synchronization words that had already
shown good performance individually the probability of false cross-correlation
would be the most important source of error,

For the cross-corr=elation case pairs of requences from Table 1 with the lowest
probability of false synchronization under the same channel bit error
probability assumptions are shown in Table 3. The program for this calculation
is found in Appendix B. '

Case 3. Performance of Convolutionally Encoded Synch Sequences

Sequences 9 & U of Table 1 were convolutionally encoded with parity bit
inverted according to the CCSDS Recommendation and tested for auto-correlation
as in Case 1 assuming nc flush pattern (i.e., with 52 effective
synchronization bits). The false synchronization probabilities were about S
orders of magnitude lower than those of the uncoded case (9 orders cf
magnitude less for the 6u4-bit case with flush pattern). Sequence U & 9 have
alsoc been tested for cross-correlation and the probabilities of false
synchronization were found to be: for 52-bit cross-—correlation about 5 orders
of magnitude less than for 52-bit auto-correlation, and for 6i4-bit
cross-correlation about 9@ orders of magnitude less than for the Al-bit
auto-correlation. Consequently we do not anticipate any problems if some
users choose to employ Viterbi-encoded synchronization. The program in
Appendix C was used to calculate the false sync. probabilities for these
encoded sync. sequences,

Conclusion:

1. Recommendation

The recommended standard marker pattern is sequence #9 in Table 1, for the
initial synchronization process (the R-S codedblock, or, in systems not using
R-S coding, the Telemetry Transfer Frame). This pattern may be represented in
hexadecimal notation as:

TACFFC1D

(V¥



In “he event it is necessary to handle a second marker imbedded within the
above stream, sequence #U in Table 1 is recommended as the irbedded marker.
This lattaer pattern may be represented in hexadecimal notation as:

B383522F

2. Rationale for Recommendation

Sequence #9 is recommended as the first synchronization patterm because of its
superior performance at the 3 lower error rates.

t first glance, it might appear that sequence #6 should be the second choice.
However, if #6 were chosen as the second synchronization sequerce, the auto-

=4
correlation probability would be 0.33 X 10 and the cross-correlation 0.07
=4
X110 .

=4
On the other hand if #4 is chosen the auto-correlation will be 0.19 X 10 and

, -4
the cross-correlation 0.12 X170 ', Since both latter probabilities are
comparable teo that of the auto-correlatiun of #9 we recommend #4 as the second
sequence,

Overall syachronization performance is characterized by a function invelving
the sum of the probabilities involved, examination of Tables 2 and 2 shows

that the penalty of choosing #6 is too high and the benefit is relatively
insignificant.

TABLE 1
LIST OF 32-BIT SYNCHRONIZATION SEQUENCES
SEQUENCE #1 01 100 010 000 100 O0O1 111 111 111 001 107
SEQUENCE #2 01 110 100 110 100 001 000 000 111 111 007
SEQUENCE #3 01 100 000 101 101 010 001 1iC 111 110 010
SEQUENCT #& 10 110 011 100 000 110 101 001 000 101 111
SEQUENCE #5 | 10 100 100 000 101 0711 101 100 011 111 0OCH
SEQUENCE #6 00 110 101 001 ©011 101 111 100 001 01C 011
SEQUENCE #7 00 010 100 110 101 100 111 111 100 000 010
SEQUENCE #8 00 111 111 010 001 00C 010 100 101 110 010
SEQUENCE #9 00 0711 0710 110 031 111 111 1iCc 000 Q01 I




TABLE 2
PROBABILITY OF FALSE SYNCH-WINDOW ACCEPTANCE WITH ONE SYNCH. WORD

(AUTOCORRELATION)

CHANNEL BIT ERROR _, .2 a 5
PROBABILITY 10 10 1077 10
SEQUENCE NO.

-4 - -4 -4
#1 0.13 x 10_, 0.05 x 1o_ﬁ 0.05 x 10_, 0.05 x 10_,
#2 0.12 x 10_, 0.08 x 10_, | 0.07 x 10_, .07 x 107,
#3 0.16 x 10_, 0.05 x 10_, 0.05 x 10_, 0.05 x 10_,
#4 0.11 x 10_, 0.05 x 10_, | 0.05 x 10_, 0.05 x 10,
#5 0.03 x 10_, 0.07 x 107, | 0.06 x 10_, 0.06 x 10_,
#6 0.13 x 10_, 0.08 x 10_, 0.08 x 10_, 0.09 x 107,
#7 0.25 x 10_, 0.09 x 10_, | 0.09 x 10_, 0.09 x 10_,
#8 0.16 x 10_, 0.05 x 10_, 0.05 x 10_, 0.04 x 107,
#9 0.16 x 10 0.04 x 10 0.03 x 10 0.03 x 10

TABLE 3

PROBABILITY OF FALSE SYNCH-WINDOW ACCEPTANCE WITH TWO SYNCH. WORDS
(CROSS-CORRELATION)

CHANNEL BIT -1 5 3 5
ERROR PROBABILITY 10 107 10”7 107

SEQUENCE PAIRS

#1, fU 0.05 x 10:% 0.03 x 1o:ﬁ 0.02 x 10'% 0.02 x 10“2
#1, #7 .05 x 107, 0.03 x 107, 0.02 x 10:u .03 x 107,
#6, #9 0.10 x 10_, 0.02 x 10_, 0.02 x 10_, | 0.02 x ‘O-u
#U, #9 0.07 x 10 0.04 x 10 0.02 x 10~ 0.02 x 107

*h




Appendix A
AUTOCORRELATION SYNC

The following DEC BASIC program was used to calculate the entries in Tanle 2.

SET NO DOUBLE

10 KK=32

20 PRINT 'AUTOCORRELLATION OF SYNC SEQUENCES';KK;'BITS',DATES$(0%)

30 DIM S(9,64),CC(54),CR(6L)

40 DECLARE DOUBLE P11(32),P22(32)

50 OPEN 'lp:' FOR OUTPUT AS FILE #2

60 PRINT ‘'enter U4 probabilities of error’

70 INPUT P,PP,PPP,PPPP

8C PRINT 'lengthz':KK,'P1:’;P.'P2:’;PP,'PS:';PPP.'PH:’;PPPP

90 PRINT #2.'length=’:KK.'P1=';P.'P2=';PP,’P3=‘;PPP.'PH=‘:PPPP

100 Q=1-P\QQ=1-PP\QQQ=1-PPP

110 QQQQ=1-PPPP

120 LP=LOG10(P)

130 LPP=LOG10(PP)

140 LPPP=LOG10(PPP)

150 LQ=L0OG10(Q)

160 LQQ=L0G10(QQ)

170 LQQQ=LOG10{QQQ)

180 L5=L0G10(.5)

160 PRINT #2,'AUTOCORRELLATION OF SYNC SEQUENCES';KK;'BITS',DATES$(0%)
200 LQQQQ=L0OG10(QQQQ)

210 LPPPP=LOG10(PPPP)

220 DATA 2,3,2,6,1,C
23C DATA 2
240 DATA O
250 DATA 1
260 DATA 2
270 DATA 1
280 DATA 3
290 DATA 3
265 DATA 3
300 RESTOR
310 KK2=KK*2

320 FCR I=1 TO ¢

330 PRINT 'SEQUENCE #':I
U0 PRINT #2,'SEQUENCE #7;I
350 PRINT 'S '

360 PRINT #2,'S '

370 FOR JJ=0 TC 10

PN PR DY LN UV, T B |

(e = o« =+ =+ =
n



38C READ L

290 IF JJ=é THEN PRINT #2,
400 FOR J=C 70 2

410 IF JJ=0 AND J=C THEN U470
420 K=3*JJ+/

430 ZX=27(2-J)

BuQ S(I,X)=!/L AND EX)/EX
450 PRINT S(I,K);

460 PRINT #2,3(I,K);

470 NEXT J
48C PRINT #2,' ':

490 PRINT ' !

500 MIN=-10C

510 NEXT JJ

520 PRINT

$30 PRINT #2,

540 S(I,0)=S(I,K)

S5C NEXT I

560 FOR II=1 TO §

570 MVAR1=100

580 MVAR=100

590 MDIFF 1=KX/2

600 MDIFF=KK/2

601 MDIFF3=KK/2

602 MDIFFS=zKK/2

603 MDIFF7=KK/2

610 FOR L=0 TO KK-1

620 IF L=0 THEN 750

630 PRINT 'S '

640 PRINT #2,'S te

650 FOR III=0 TO KK-1

660 S(II,IIIN=S(II,III+1)

670 IF III=0 THEN T10

680 IF III=24 THEN PRINT #2,

690 PRINT #2,8(II,III});

700 PRINT S(II,III);

710 NEXT III

720 S({II,KK)=S(II,0)

730 PRINT #2,S(II,KX)

740 PRINT S(II,KK) -

750 PRINT 'S(Rev)';

760 PRINT #2,'S(Rev)';

770 FOR IZI=z1 TO KK

78C IF III=24 THEN PRINT #2,

790 PRINT #2,S(II,KK+1-III);

800 PRINT S(II,KK+1-III):

810 NEXT III

820 PRINT #2,

830 PRINT

840 PRINT '# OF DISAGREEZMENTS IN SEQUENCE';II;'RCTATION';L
850 AVE=0\VAR=0\BB=0 -

860 AVE1=0\VAR1=0\BA=0

870 PRINT #2,'# OF DISAGREEZMENTS IN SEQUENCE';II:'RCTATION':L
880 MAX=0

-
1
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890
891
862
893
gaou
899
896
897
900
910
920
930
940
945
ou7
950
960
970
980
981
982
985
986
987
988
990
1000
1001
1002
1005
1010
1020
1024
1028
1037
1038
1030
1040
1041
1082
1044
1048
1053
1057
1058
1059
106C
1070
1071
1073
107U
1075
1076
1078

MIN=-100
MIN3I==100
MINS=-100
MINT==100
T1=0\T2=0
T3=0\T4=0
T5=0\T6=0
T7=0\T8=0
PRINT 'S,dis, p', p3, p5,p7 for e=0

p1,03,p5.,p7 for e=z2'

REM PRINT #2,'S,dis, p1, p3, p5,p7 for e=0 p1,p3,p5,p7 for e=2'

FOR I=1 TC 2%KK-1
S3=0
338=0
IF IDKK THEN 982
DELTA=I
FCR J=1 TO I
SS=SS8+(S{II ,KK-I+J) XOR S(II,J))
5852885+ (S(II,KK=I+J) XOR S(II,KK+1=J))
NEXT J
GOTO 990
DELTA=2%*KK=-I
FOR J=I-KK+1 TO KK
39288+ (S(II,KK-I+J) XOR S(II,J))
S88=885+(S(IT ,KK=I+J) XOR S(II,KK+1=J))
NEXT J
KISS=DELTA-SS
KISSS=DELTA-3SS
CR(I)=8SS
CC(I)=S8Ss
DELBAR=KK~DELTA
L5I=L5*DELBAR
Pi=LP*SS+LO*KISS+LSI
IF P1<~-10 THEN 1078
P3=LPP*SS+LQQ*KISS+L5I
PS=LPPP#S3+LQQQ*KISS+L5I
P7=LPPPP*SS+LQQQQ*KISS+LSI

PRINT 'N';I;TAB(5);SS;TAB(9);P1;INT(P3);INT(P5);INT(PT);
REM PRINT #2,'N';I;TAB(6);SS;TAB(9);P1;INT(P3);INT(PS);INT(PT};

IF I=KX THEN PRINT \ GCTC 1078
IF SS>1 THEN 1055 -

IF SS=0 THEN F=1+2*DELBAR"2 ELSE F=1+2*DELBAR®*(Q/P+DELBAR)

GOTO 1057

F=SS#(SS=1)*(Q/P)"2/2+S3*(Q/P)*( 1+2*DELBAR) + 1+2%DELBAR™2

IF P1>-15 THEN P1=F®*10"P3 ELSE P1=0
IF P3>-15 THEN P3=F¥10°P3 ELSE P3=(
IF PS>-15 THEN PS=F*10"PS ELSE P5=0
IT P7>-15 THEN ©7=F%*10°P7 ELSE P7=0
PRINT TAB(30):;P1:P3:PS;P7

REM PRINT #2,TAB(21);P1;P3:P5;P7
T1=T1+P1

T3=T3+P3 -

TS5=TS+PS

T7=T7+P7

REM



1090 P2=zLP*SSS+LL*KISSS+LSI

1100 IF P2<-1C THEN 1180

1105 PU=sLPP#SSS+LOQ*KISSS+L5I

1110 PE=LPPP*SSS+LAQQ*KISSS+L5I

1120 P8=LPPPP#SSS+LQQQQ*KISSS+LSI

1130 REM PRINT #2,'R';I;TAB(6):S3S;TAB(9);P2;INT(PU);INT(P6):INT(P]):
1140 PRINT 'R';I:TAB(6):SSS;TAB(Q9):P2;INT(PL) ;INT(P6);INT(P8);
1144 IF SSS>1 THEN 11580

1146 IF SSS=0 THEN F=z1+2%*DELBAR™2 ELSE F=1+2#*DELBAR*(Q/P+DELBAR)
1148 GOTO 1152

1150 F=zSSS*(SSS=1)2(Q/P)"2/2+SSS*(Q/P)Y*( 14+2%DELBAR)+ 1+2#*DELBAR™2
11€2 IF P2>-15 THEN P2=F*10°P2 ELSE P2=0

1154 IF PU4>-15 THEN PU=F*10"PL ZTLSE PU=0

1156 IF P6>-15 THEN PA=F¥10"Pf ELSE P6=0

1158 IF P8>-15 THEN P8=F%*10°P§ ELSE P8=0

1160 PRINT TAB(30);:P2;Pu;P6;P8

1162 REM PRINT #2,TAB(31);P2:P4:P6:P8

1164 T2=T2+P2

1166 TUY=Tu+PlU

1168 T6=TE+PH

1170 T8=T3+P§

1180 NEXT I

1185 PRINT 'NUMBER OF DISAGREEMENTS(DELTA-ALPHA)'

1186 PRINT #2,'NUMBER OF DISAGREEMENTS(DELTA-ALPHA)'

1190 FOR I=1 TO 2%*KK-1

1191 IF I=20 OR I=40 THEN PRINT 'NORMAL'

1192 IF I=20 OR I=40 THEN PRINT #2, 'NORMAL'

1193 PRINT CC(I);

1194 PRINT #2,CC(I):

1195 NEXT I

1196 PRINT 'N!

1197 PRINT #2,'N'

1198 FOR I=1 TO 2%KK-1

1199 IF I=20 OR I=u40 THEN PRINT 'REVERSE'

1200 IF I=20 OR I=40 THEN PRINT #2,'REVERSE'

1201 PRINT CR(I):

1202 PRINT #2,CR(I):

1203 NEXT I

1204 PRINT 'R

1205 PRINT #2,'R! -

1231 PRINT #2,'T1=";T1;' T3=':T3:' TS=':;T5:;' T7z':T7

1232 PRINT 'T1=';T1;' T3=':T3;' T5=':;T5:;' TT7=':T7

1235 °RINT 'T2=';T2:;' Tu=";T4;' T6=';T6:;' TB=':T8

1236 PRINT #2,'T2=';T2;' Tu=';Tu;' T6=';T6;' T8=";T

1249 2RINT 'COMPLEMENTS'

1250 PRINT #2,'COMPLEMENTS'

1255 TT1=0\TT2=0

1256 FRINT 'S,DEL.dis, p1, p3, p5,p7 for e=0 P1,p3,pP5,p7 for e=2!
1258 REM PRINT #2,'S,DEL,dis, p1, p3. p5,p7 for e=0 P1,p3,p5,p7 for

1260 FOR Iz1 TO 2%KK-1
1262 IF I>KK THEN 1268
1264 DELTA=I

1266 GOTO 1270

1268 DELTA=2%*KK-I



1270 S3=sDELTA-CC(D)

1272 SSS=DELTA-CR(I)

1274 XISS=DELTA=-SS

1276 KISSS=DELTA-SSS

1278 CR(I)=SSS

1280 CC(I)=38

1282 DELBAR=KK-DELTA

1284 LS5I=LS*DELBAR

1286 P1=LP*SS+LQ®*KISS+LSI

1288 IF P1<=10 THEN 1328

1290 P3=LPP*SS+LQQ*KISS+L5TI

1292 PS=LPPP*SS+L2QQ%XISS+LSI

1204 P7=LPPPP#S5S+L0QQQ*KISS+LSI

1296 PRINT 'N':I;TAB(6);SS;TAB(9);P1;INT(P3);INT(PS);INT(PT);

1298 REM PRINT #2,'N':I:TAB(£);SS;TAB(Q);P1;INT(P3);INT(PS);INT(PT);
1300 IF 38>1 THEN 1306

1302 IF 8S=0 THEN F=1+2*DELBAR"2 ELSE F=1+2*DELBAR*(Q/P+DELBAR)

1304 GOTC 108

1306 F=SS*(SS-1)%(Q/P)"2/2+SS*(Q/P)Y*( 1+2*DELBAR)+1+2*DELBAR"2

1308 IF 1-5 HE P1z*17P1 ELP=0

1310 IF P3>-15 THEN P3=F*10°P3 ELSE P3=0

1312 IF P5>-~15 THEN PS=F*10"P5 ELSE PS=zQi4 IF P7>-15 THEN P7=F*107P7 ELSE P7=0
1316 PRINT TAB{(30):P1;P3:P5:P7

1318 REM PRINT #2,TAB(31);P1;P3;PS;PT7

1320 T1=T1+P1

1321 TT1=TT1+P1

1322 T3=T3«P3

132% TS=TS+P5

1326 T7=T7+P7

1328 REM

1330 P2=_P*SSS+LQ*KISSS+LSI

1332 IF P2<-10 THEN 1372

1334 PU=LPP*SSS+LQO*KISSS+L5SI

1336 PH=LPPP*SSS+LQQQ*KISSS+L5I

1338 P8=LPPPP*SS3+L00QQQ*KISSS+L5I

1340 REM PRINT #2,'R';I:TAB(6);SSS;TAB(Q):P2;INT(PU) ;INT(P6);INT(P8);
1342 PRINT 'R':I;TAB(6):SSS;TAB(9):P2;INT(PY);INT(P6) ;INT(P8);

1344 IF SSS>1 THEN 1350 .

1346 IF SSS=0 THEN F=1+2%DELBAR"2 ELSE F=z1+2%DELBAR¥(Q/P+DELBAR)

1348 GOTO 1352

1350 F=SSS*(SS5-1)%(Q/P)"2/2+SSS*(Q/P)*( 1+2*DELBAR)+ 1+2®*DELBAR™2

1352 IF P2>-15 THEIN P2zF¥107P2 ELSE P2=0C
1354 IF PL>~15 THEN Py=F*10°PL ELSE Pu=0
1356 IF P6>-15 THEN P6=F*10"P6 ELSE P6=0
1358 IF P8>-15 THEN P8=F*10"P8 ELSE P8=z0
1360 PRINT TAB(3C);P2;Pu;P6;P8

1362 REM PRINT #2,TAB(31);P2;P4;P6;P8
1363 T2=T2+P2

1364 TT2=TT2+P2

1366 TU=Ti+P4

1368T6=TH+P6

1270 T8=T8+P8%

1372 NEYT I

1374 PRINT 'NUMRER OF DISAGREEMENTS(DELTA-ALPHA)'
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1274
1378
1380
1382
1384
1386
1388
1390
1392
1394
1396
1398
1400
1402
1404
1406
1408
1409
1410
1411
1812
1413
1414
1415
1416
1418
1419
1420
1421
1422
1423
1424
1425
1460
1461
1465
1467
1479
1473
1875
1477
1530
1531
1533
1534
1535
1536
1537
1538
1540
1850
1560
1610
1620
1680

PRIMT #2,"NUMBER OF DISAGREZMENTS(DELTA-A

FOR I=1 TO 2%*KK-1

IF I=20 OR I=0 THEN PNT 'NRML'

IF I=20 OR I=40 THEN PRINT #2,'NORMAL'
PRINT 2C(I);:

PRINT #2,CC(I);

NEXT I

PRINT 'N!

PRINT #2,'N?

FOR I=1 TO 2*KK-1

IF I=20 OR Isu40 THEN PRINT 'REVERSE'
IF I=20 OR I=40 THEN PRINT #2,'REVERSE’
PRINT CR(I);

PRINT #2,CR(I);

NEXT I

PRINT 'R’

PRINT #2,'R'

PRINT #2,

PRINT

PRINT 'COMT1=';TT1;' COMP2=';TT2
PRINT #2, 'COHTT-',TTT:' COMP2=';TT2
PRINT #2,'T1=z":T1; T3=';T3;' T5=':;75;
PRINT ’T1-’ TT, T3=':;7T3;' TS=';T9;!
PRINT 'T2=z";T2;' Tuz';Tu;' Tbé=z";TE;'
PRINT #2,'T2=";T2;' T4=z';Tu;' 7T6=z';TH:!
T1=2T1+T2

T3=T3+T4

T5=T5+T6

T7=T7+78

IF T1>MIN THEN MIN=T1

IF T3I>MIN2 THEN MIN3=T3

Ir T”)MTN7 THEN MIN7=T7

IF T3>MINS THEN MINS=TS

DIF:-MIN

DIFF3=MIN3

DIFFS=MINS

CIFFT=MIN7

IF DIFF<MDIFF THEN MDIFF=DIFF\M=z=L

IF DIFF3<MDIFF2 THEN MDIFF3=DIFF3\M3=L

IF DIFFS<KMDIFFS THEN MDIFFS=DIFFS\MSzL
IF DIFF7<MDIFF7 THEN MDIFF7=DIFF7\M7=L

PRINT #2,'Prob=';DIFF,'MIN Prob=';MDIFF;

ALPHA)'

YT TT
‘I”7 1
'

;7
T8= .T8
TR=':;T8

'ROT=":M

PRINT 'Prob=';DIFF,'MIN Prob=';;MDIFF;'ROT:’
PRINT #2,'Prob=';DIFF3,'MIN3I Probs';MDIFF3;'ROT:’

PRINT 'Probs';DIFF3,'MIN3 Prob=z';MDIFF3;

'ROT=!

PRINT #2,'Probs';DIFFS,'MIN5S Prob=' MDIFFS;'RCT=z' M5
PRINT 'Probz';DIFFS,'MINS Probs';MDIFFS;'ROT=';MS
PRINT #2,'Prob=';DIFF7,'MIN? Prob=';MDIFFT;'ROT=' M7

PRINT 'Prob=z':;DIFF7,'MINT Probz';MDIFF7;

PRINT
PRINT #2,
NEXT L
NEXT II
PRINT #2,

STOP
1

'ROT="' ;M7



Apendix B

CROSSCORRELATION SYNC

3

following DEC BASIC program was used to calculate the entries in Table 3.

SET NO DOUBLE

10 KK=32

20 PRINT 'CRCSSCORRELLATION OF SYNC SEQUENCES';KK;'BITS',DATES(0%)

30 DIM $(9,54),CC(64),CR(6Y)

40 DECLARE DOUBLE P11(32),P22(32)

50 OPEN 'lp:' FOR OUTPUT AS FILE #2

60 PRINT 'enter U probabilities of error'

70 INPUT P,PP,PPP,PPPP

80 PRINT 'length=':KK,'P1=z';P,'P2=';PP,'P3="{PPP,"PU=z' [PPPP

90 PRINT #2,'length=';KK.‘?1:':P,'P2=’:PP.'P3:';PPP.'PU:';PPPP

100 Q=1-P\QQ=1=PP\QQQ=z1-PPP

110 QQQQ=1-PPPP

120 LP=L0OG10(P)

130 LPP=LCG10(PP)

140 LPPP=LOG10(PPP)

150 LQ=LOG1C(Q)

160 LQQ=L0G10(QQ)

170 LQQQ=LOG10(QCQ)

180 LS=L0G10(.3)

190 PRINT #2,'CRCSSCORRELLATION OF SYNC SEQUENCES';KK;'BITS',DATZS(0%)
200 LQQI2=L0G10(Q0QQ)
210 LPPPP=LOG10(PPPP)
220 DATA 1,4,2,0,4,1,
230 DATA
240 DATA
250 DATA
260 DATA
270 DATA
280 DATA
290 DATA .
295 DATA 0,3,
300 RESTORE 2
310 KK2=zKK*2

320 FOR I=1 TC 9

330 PRINT 'SEQUENCE #':I

340 PRINT #2,'SEQUENCE #';I
350 PRINT 'S '3

360 PRINT #2,'S '

370 FOR JJ=0 TO 10

380 READ L

390 IF JJ=6 THEN PRINT #2,
400 FOR J=0 TO 2

410 IF JJ=C AND J=0 THEN Uu70
420 K=3*JJ+dJ

430 =X=227(2~J}

yu0 S(I,X)=(L AND EX)/EX

o e e e e
W-TN®» =0 =M,
« @ w e - e
W — N Ut O U &
e w @« - * -
DO =N Y

-

GV N — O EUN O
VIO DWW = 1N =W

OO OO MNMNN — -

- =
- e
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Ls0
U60
470
ugo
uge
500
510
520
530
540
550
560
579
580
590
600
601
602
603
770
820
830
840
850
860
870
880
890
891
892
893
gou
895
896
897
900
g10
§20
930
940
9us
gu7
§50
960
370
980
981
982
985
986
987
988
890

PRINT S(I,K):

PRINT #2,S(I,4);

NEYT 4

PRINT #2,' ':

PRINT * '

MIN==100

NEXT JJ

PRINT

PRINT #2,

S(I,0)=8(I,K)

NEXT I

FOR II=z1 TO ©

MVAR1=100

MVAR= 100

MDIFF1=KK/2

MDIFF=KK/2

MDIFF3=KK/2

MDIFFS=zKK/2

MDIFF7=KK/2

FOR IIT=1 TC 9

PRINT #2,

PRINT

PRINT '# OF DISAGREEMENTS IN SZQUENCE';II;'AND';III
AVE=0\VAR=0\BB=0

AVE1=z0\VAR1=0\BA=0

PRINT #2,'# OF DISAGREEMENTS IN SEQUENCE';II:'AND';III

MAX=0

MIN=-100

MIN3I==100

MINS=-100

MINT==100

T1=0\T2=0

T3=0\T4=0

TS=0\T6=0

T7=0\T8=0

PRINT 'S,DEL,dis, p?, p3, p5,p7 for e=0 p1,p3,p5,p7 for e=z2!'
PRINT #2,'S,DEL,dis, p?!, p3, p5,p7 for e=0 p1,p2,p5,p7 for e=2!
FOR I=z1 TO 2%#KX-1 :
SS=0

S38=0

IF I>KKX THEN 982

DELTA=I

FOR J=z1 TO I

SSz=SS+(S(II,KK-I+J) XOR S(III,J))
3SS=83S+(S(II,KK-I+J) XOR S{III,KK+1=J))
NEXT J

GOTO 990

DELTA=2%KK~I

FOR J=I-KK+1 TO KK
SS=SS+(S(II,KK=-I+J) XOR S(III,J))
SSS=SSS+{S(II,KK-I+J} XOR S(III,KK+1=J))
NEXT J

KISS=DELTA-SS

1000 KISSS=DELTA-SSS

[
N ]



1000
1001
1002
1005
1010
1020
1024
1035
1037
1038
1039
1040
1041
1042
1044
1048
1055
1057
1058
1059
1060
1070
1071
1073
1074
1075
1076
1078
1090
1100
1105
1110
1120
1130
1140
1144
1146
1148
1150 F
1152
1154
1156
1158
1160
1162
1164
1166
1168
1170
1180
1185
1186
1190
1191
1162

KISSS=DELTA-3SS
CR(I)=SSS
CC(I)=SS
DELBAR=KX-DELTA
LSI=LS*DELBAR
P1=0P*¥SS+LO*KISS+L5Z
IF P1<-10 THENMN 1078
P3=LPP*SS+LOQ*KISS+LST
PRz PPP#SSLLONQ*KISS+LSI
P7zLPPPP*SS+LOQQQ*XISS+L5TI
PRINT 'N':I:TAB(A):SS;TAB(S);P1;INT(P3);INT(PS) INT(P7);
PRINT #2,'N":I;TAB(6)Y;SS;TAB(9);P1;INT(P2)INT(PS):INT(P7);
IF II=III AND I=KK THEN PRINT \ PRINT #2,\ GCTC 1078
IF S3S>»1 THEN 1053
IF SS={ THEN Fz1+2*DELBAR"2 ELSE Fz 1+2*DELBAR*(Q/P+DELBAR)
GOTO 1057
F=SS*(SS=1)*(Q/P)"2/2+SS*(Q/P)*(1+2*DELBAR) + 1+2#DELBAR™ 2
IF P1>-15 THEM P1=F*10"P1 ELSE P1=0
IF P3>-15 THEN P3=F*107P3 EZLSE P3=0
IF P5>~15 THEN PS=F*10"PS ELSE PS=0
IF P7>-15 THEN P7=zF*107°P7 ELSE P7=0
PRINT TAB(3C);P1;P2;P5,P7
PRINT #2,TAB(21):P1;P3;P5;P7
T1=T1+P1
T3=T3+P3
TS=TS5+P5S
T7=T7+P7
REM
P2=LP*SSS+LQ*KISSS+LSI
IF P2<~10 THEN 1180
PU=[.PP*SSS+LQQ*¥KISSS+L5I
PE=LPPP*SSS+LQQQO*KISSS+L5I
P8=LPPPP*SSS+L0Q0Q*KISSS+L5T
PRINT #2,'R':I:TAB(6):S8S:TAB(9);P2;INT(PU);INT(PE);INT(P8);
PRINT 'R';I:TAB(6);SSS;TAB(S);P2;INT(PY) INT(PE);;INT(PB);
IF SSS>1 THEN 1150
IF SSS=0 THEN F=1+2*DELBAR™Z ELSE F=1+2%*DELBAR*(Q/P+DELBAR)
GOTO 1152

=SSS*(SSS~-1}Y*(Q/P) " 2/2+SSS*(0/F)*(1+2*DtLBAR)+1+2*DELBAR 2
IF P2»-15 THEN P2=F¥*10°P2 ELSE P2=0
IF PU>-15 THEN PLU=F*10"P& ELSE Pu=(
IF P6>=15 THEN PEsF*10°PH ELSE P6=C
IF P8>-1% THEN P8=F*10"P8 ELSE P8=0
BPRINT TAB(20);P2;PuU;PH;P8 -
PRINT #2,TAB(21):P2;PU;PE;PE
T2:=T2+P2
Tu=TU.PU -
T6=T6+PE
T8=T8+PR
NEXT I
PRINT 'NUMBER OF DISAGREEMENTS(DELTA-ALPHA)'
PRINT #2, 'NUMBER OF DISAGREEMENTS(DELT-ALPA)’
FOR I=z1 TO 2%KK-1
IF Iz20 OR I=u4(Q THEN PRINT '"NORMAL'
F 1z20 OR I=u40 THEN PRINT #2, 'NORMAL'

1.4
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(I);

(@}

1184 PRINT #2,C
1195 NEXT I
1166 PRINT 'N!
1197 PRINT #2,'N?
1198 FOR I=1 TO 2#K-! :
1199 IF I=20 OR I=40 THEN PRINT 'REVERSE’
1200 IF I=20 OR I=uQ THEN PRINT #2,'REVERSE'
12071 PRINT CR(I):
1202 PRINT #2,CR(I);
1203 NEXT I
1204 PRINT 'R’
1205 PRINT #2,'R’
1221 PRINT #2,'7T1=':T1;' T3=':T3;' TS=';T5:' T7=z':T7
1232 PRINT 'T1=':T1:' T3=';T3;' TS=':T5:;' T7=':77
1235 PRINT 'T2=';T2;' Tud=z';Tl4;' TE=':TA;' TB=':T§
1236 PRINT #2,'T2="';T2;"' TU4=';TU:;' T6=':T6;' TR8=':;T8
1249 PRINT 'COMPLEMENTS!'
1250 PRINT #2,'COMPLEMENTS'
1255 TT1:0\TT2=0
1256 PRINT 'S,DEL.dis, pt', p2, p5,p7 for e=0 p1,p3,p5,p7 for e=2'
1258 PRINT #2,'S,DEL,dis, p1, p3, pS,p7 for e=0 P1,p3,p5,p7 for e=2'
1260 FCR I=1 TO 2*KK-1
1262 IF I>KK THEN 1258
1268 DELTA=I
1266 GOTO 1270
1268 DELTA=2%KK-I
1270 $S=DELTA-CC(I)
1272 SSS=DELTA-CR(I)
1274 KISS=DELTA-SS
1276 KISSS=DELTA-SSS
1278 CR(I)=S3S
128C CC(I)=S8S
1282 DELBAR=KX-DELTA
1284 LSI=L5*DELBAR
1286 P1=LP*SSLLO*KISS+L5T
1288 IF P1<~10 THEN 1328
1290 P3=LPP*SS.LQQ¥KISS+LSI
1262 PSz=LPFP*SS+LQQ0Q*XISS+L5I
1294 P7=LPPPP*SSLLOQRIA*KISS+LSI ,
1296 PRINT 'N';I;TAB(5);SS;TAB(9);P1;INT(P3);INT(P5):INT(P7):
1298 PRINT #2,'N':I;T8B(5);SS;TAB(9):P1;INT(P3):INT(PS) INT(P7):
1300 IF SS>1 THEN 130€
1302 IF SS=0 THEN Fz1+2*DELBAR"2 ELSE Fz1+2*DELBAR*(Q/P+DELBAR)
1304 GOTC 1308
1306 F=SS*(SS-1)%(Q/P)"2/2+SS*(Q/P)*(1+2*DELBAR)+ 1+2*DELBAR"2
1308 IF P1>-15 THEN P1:=F*10"P1 ELSE P1=0 ) -
131C IF P3>-15 THEN P2:=F*10"P3 ELSE P3=0
1332 IF P5>-15 THEN PS£:=F*10"P5 ELSE P5=0
1314 IF P7>~15 THEN P7=F*10"P7 ELSE P7=0
1216 PRINT TAB(30):P1:P3;P5;P7
1318 PRINT #2,TAB(21);P1;P3;P5:P7
132C Ti=T1+P1
1321 TT1=TT1+P1
1322 T2=T3+P2
15



1324
1326
1328
1330
1232
1334
1336
1233
1240
1242
11Ul
1248
1350
1252
1254
1256
1358
1360

T5=TS+P5

TT=T7+P7

REM

P2=LP#SSS+LA*KISSS«LSI

IF P2<¢-10 THEN 1372

PU-LPP*SSS+LQQ*KISSS+L5I

PE=LPPP#SSS+LQQQ*KISSS+L5I

PR=LOPPP*#SSS+LQQQQ*KISSS+LSI

PRINT #2.’R';I;TAB(6):SSS;TAB(9):PZ:INT(P“):INT(P5):INT(P8);
PRINT 'R';I:TAB(6);SSS:TAB(9):P2:INT(PU);INT(Pﬁ):INT(PB);
IF SSS>1 THEN 1350

IT SSS=0 THEN Fz1+2*DELBAR™2 ELSE F=1+2*DELBAR*(Q/P+DELBAR)
GOTO 1352
F:SSS*(SSS-T)*(Q/?)“2/2+SSS*(Q/P)*(1+2*DELBAR)+1+2*DELBAR‘2
IF P2>-15 THEN P2=F*10°P2 ELSE P2=0

IF PU>-15 THEN PuU=F®*10"P4 ELSE PU4=0

IF P§>=15 THEN P6=F*10°P6 ELSE P6=0

IT P8>=-15 THEN P8=F*10"P8 ELSE P8=0

PRINT TAB(30):;P2;P4;PE;PR

1262PRINT #2,TAB(31);P2;UP6;P8

1363
1364
1366
1368
1370
1372
1374
1376
1378
138¢C
1382
1284
1386
1388
1390
1392
1394
1396
1298
1400
1202
1L0U
140¢
1408
1409
W10
1411
w2
1893
1414
1418
1416
1u18
1419

T2=T2+P2
TT2=TT2+P2
T4=TL+PYU
T6=TH+P6
T8:T8+P8
NEXT I
PRINT 'NUMBER OF DISAGREEMENTS(DELTA-ALPHA)'
PRINT #2,'NUMBER OF DISAGREEMENTS(DELTA-ALPHA)'
FOR I=t1 TO K
IF I=20 OR I=40 THEN PRINT 'NORMAL'
IF I=20 OR I=U0 THEN PRINT #2,'NORMAL'
PRINT CC(I);
PRINT #2,CC(I);
NEXT I
PRINT 'N'
PRINT #2,'N'
FOR I=1 TC 2%*KK-1
IF¥ I=2C OR I-u0 THEN PRINT 'REVERSE'
IF I=20 OR I=z40 THEN PRINT #2,'REVERSE’
PRINT CR(I);
PRINT #2,CR(I);
NEXT I
PRINT 'R’
PRINT #2,'R’
PRINT #2,
PRINT
PRINT 'COMT1=z':TT1:' COMP2=';TT
PRINT #2,'COMT1=':;TT ;! COMP2z':TT2
PRINT #2,'Tiz';T1;' T3=':;T3:' T5=':T5}' T7
SRINT 'Ti=':T1:' T3=';T3:' T5=':TS:' T7=':
PRINT 'T2=2':T2:' Tu=';Tu;' T6=';TE:' T8=':
PRINT #2,'Te="':;T2;" Tuz' ;T4 Té=':T6:' T8
T1=T1+T2
~3=T3+T8
l6



142¢
1521
122
1422
1824
1425
1460
15861
1465
1467
1470
1473
1475
1477
1500
1510
1530
1531
1533
1534
1535
1526
1537
1538
1540
1550
1620
1680

B e )
.

el

T7=T7+T3

IF Ti>MIN THEN MIN=T1

IF T2IDMINR THEMN MIN3=T3

IF T7>MINT THEN MIN7=T7

IF TSOMINS THEN MINS=TS

DIFF=MIN

DIFFI=MIN3

DIFFS=MINS

DIFF7=MIN7

IF DIFFKMDIFF THEN MDIFF=DIFF\M=II\MM=III

IF DIFFIKMDIFFR THEN MDIFF3=DIFF\M3=II\MM3=III

TF DIFFS<MDIFFS THEN MDIFFS=DIFFS5\MS=II\MM5=III

IF DIFF7<KMDIFF7 THEN MDIFF7=DIFF7\M7=II\MM7=III

NEXT III

NEXT II

PRINT #2,'Prob="';DIFF,'MIN Probs':MDIFF;'ROT=z' ;MMM
PRINT 'Prob=';DIFF,'MIN Probs':MDIFF;'ROT=' ;MMM

PRINT #2,'Probz':;DIFF3,'MIN3 Prob=';MDIFF2;'ROT="' M3:MM3
PRINT 'Probz';DIFF2,'MIN3 Prob=z' MDIFF3;'ROT="' M3;MM3
PRINT #2,'Prob=z':DIFFS,'MINS Probz';MDIFFS;'ROT=z' M5 MM5
PRINT 'Prob=z':DIFF5,'MINS Prob='iMDIFFS;'ROT="' M5 ;MM5
PRINT #2,'Prob="':DIFr7,'MIN7 Prob=z';;MDIFFT7;'RCT=z';M7;MM7
PRINT 'Probz=';DIFF7,'MIN7 Probz';MDIFFT;'ROT=z"' ;M7 ;MM7
PRINT

PRINT #2,

PRINT #2,

STOP

17



Appendix C

SERFORMANCE OF CONVOLUTIONALLY CCDED SYNCH WORDS

The following program is a calculation of the sync. probabilities for
Viterbi-encoded sync. sequences.

SET NC DOUBLEZ

10 KK=52

15 LLL=17

20 PRINT 'CROSSCORR OF COMVOL. ENCODED SYNC SEQUENCES' ;KK;'BITS',DATE3(0%)
30 DIM S(9,128),2C(128),CR(128)

40 DECLARE DOUBLI P11(32),P22(32)

50 OPEN 'lp:' FOR OUTPUT AS FILE #2

55 PRINT #2,'CROSSCOR OF CONVOL ENCODED SYNC SEQUENCES';KK;'BITS',DATES(C?)
60 PRINT 'enter 4 prcbabilities of error'

7C INPUT P,PP,PPP,PPPP

80 PRINT ‘'length=';KK,'P1=';P,'P2=';PP,'P3="';PPP,'PU=z"';PPPP

9C PRINT #2,'length=';KK,'P1=';P,'P2=';PP,'P3="';PPP, 'PUz" ;PPPP

100 Q=1-P\QQ=1-PP\QQQ=1-PPP

110 QQQQ=1-PPPP

120 LP=L0OG10(P)

130 LPP=LOG10(PP)

140 LPPP=LOG10(PPP}
150 LQ=L0G10(Q)

160 LQQ=LOG10(QQ)

170 LOQQ=LCG10(QQQ)
180 L5=L0G10(.5)

200 LQQQQ=LCG10(QQQQ]
210 LPPPP=zLOG10(PPPP)
220 DATA 1,0,0,7,1,1,
230 DATA
240 DATA
250 DATA
260 DATA
270 DATA
280 DATA
290 DATA
295 DATA 3,7.7.
300 RESTORE 220
310 KK2=KK*2
320 FOR I=1 TO 4

325 IF I>2 THEN LLL=21%

330 PRINT 'SEQUENCE #';I
UQ PRINT #2,'SIQUENCE #';1I

« o @ * < = -
~d a2 O -
VY O EOY W W
e e w e 4 = = =
W EWAh = O on

LI =N = s

-

18



350 PRINT 'S ts

360 PRINT #2,'S "

370 FOR JJ=0 TO LLL

380 READ L

390 IF JJ=6 OR JJg=12 OR JJ=18 THEN PRINT #2,
400 FOR J=0 TO 2

810 IF JJ=0 AND J=0 THEN 470
415 IT JJ=0 AND J=1 THEN 470
420 K=3*JJ+J

430 EX=2"(2-J)

U400 S{I,K)=(L AND EX)/EX

4850 PRINT S(I,K);

460 PRINT #2,S(I,X);:

470 NEXT J

480 PRINT #2,' ';

490 PRINT ' '3

500 MIN=-100

510 NEXT JJ

520 PRINT

530 PRINT #2,

540 S(I,0)=S(I,X)

550 NEXT I

560 FOR II=3 TO 4

565 IF II>2 THEN KK=54

570 MVAR1=100

580 MVAR=100

560 MDIFF1=KK/2

600 MDIFF=KK/2

601 MDIFF3=KK/2

602 MDIFF5=KK/2

603 MDIFF7=KK/2

770 FOR III=II«1 TC 4

820 PRINT #2,

830 PRINT

840 PRINT '# OF DISAGREEMENTS IN SEQUENCE';II;'AND':III
850 AVE=0\VAR=0\BB=0

860 AVE1=0\VAR1=0\BA=0

870 PRINT #2,'# OF DISAGREEMENTS IN SEQUENCE';II;'AND';III
880 MAX=0

890 MIN==10C

891 MIN3=-100

862 MINS=-100

893 MINT=-100

894 T1=0\T2=0

895 T3=0\T4=0

896 TS5=0\T6=0

897 T7=0\T8=0

900 PRINT 'S.dis, p1, p3, p5,p7 for e=0 p!1,p3,05,p7 for e=2'
910 PRINT #2,'S,dis, pt, p3, pS5,p7 for e=0 p1,p3,p5,p7 for e=2'
920 FOR I=1 TO 2*KK-1

930 SS=0

940 SSS=0

945 IF I>KK THEN 082

947 DELTA=I

19



950

960

970

980

981

982

985

986

987

988

990

1000
1001
1002
1005
1010
1020
1024
1035
1037
1038
1039
1040
1021
1042
1044
1048
1058
1057
1058
1059
1060
1070
1071
1073
1074
1075
1076
- 1078
1090
1100
1105
1110
112¢
113¢
114¢
1144
11UE
1148
1150
1152
1154
1156
1158

FOR J=1 TO I
SS=3S+{({S(II ,KK-I+J) XOR S(III,J))
§8S528S8S+(S7II,KK-I+J) XOR S(III ,KK+1=J))
NEXT J
GOTO 990
DELTA=2%*KK-T
FOR J=I-KK+1 TO KK
SS=SS+(S(II,XK-I+J) XCF S(III,Jd))
$85=z388+(S({II ,KK~-I+J) AOR S(III,KK+1=J))
NEXT J
KISS=DELTA-SS
KISSS=DELTA-SSS
CR(I)=SSS
CC(I)=8S
DELBAR=KKX-DELTA
L3I=L5*DEL3AR
P1=LP¥*SS+LQ*KISS+LSI
IF P1<-20 THEN 1078
P3=LPP*SS+L2Q#*KISS+L5T
PSzLPPP#33+L0QQ*KISS+LsI
P7=LoPPP#SS4+LOQQQ*KISS4+LSI
PRINT 'N':I;TAB(5):SS:TAB(G);P1;INT(P3);INT(PS);INT(PT);
PRINT #2,'N'":I;TAB(6);SS;TAB(9):P1;INT(P3);INT(PS);INT(PT);
IF I=KK THEN PRINT \ GOTO 1078
IF SS>1 THEN 1055
IF SS=0 THEN F=1+2%DELBAR"2 ELSE F=z1+2*DELBAR*(Q/P+DELBAR)
GOTC 1057
FzSS*¥(SS-1)*(Q/P)"2/2+SS*(Q/P)*( 1+2*DELBAR)+1+2*DELBAR"2
IF P1>-20 THEN P1=F*10"P1 ELSE P1=0
IF P3>-20 THEN P3=F*10°P3 ELSE P3=0
IF P5>-20 THEN P5=F*10°PS ELSE P5=0
IF P7>-20 THEN P7=F*10"P7 ELSE P7=0
PRINT TAB(30);P1;P3:P5;P7
PRINT #2,TAB(31);P1;P3;P5;P7
T1=T1+P?
T3=T3+P3
T5=TS5+P5S
T7=T7+P7
REM
P2=LP#*#S3S+LQ*KISSS+LSI
IF P2<-20 THEN 1180
PU=LPP*#SSS+«LQOQ*KISSS+LST
P6=LPPP*SSS+LOQQ*KISSS+L5I
PRzLPPPP*SSS+LOQQQ*KISSS+L5I
PRINT #2,'R':I:TAB(6);3S8S;TAB(Q);P2;INT(PU)INT(P6);INT(PS);
PRINT 'R';I;TAB(6);SSS;:TAB(Q);P2;INT(PU);INT(PE) :INT(P8):
IF SS8S>1 THEN 1150
IF SSS=0 THEN F=1+2%*DELBAR™2 ELSE F=1+2%DELBAR*(Q/P+DELBAR)
GOTC 1182
F=SSS*(SSS-1)*(Q/P)"2/2+SSS*(Q/P)*( 1+2*DELBAR)+1+2% DELBAR"2
IF P2>-25 THEN P2=F*10°P2 ELSE P2=0
IF PuU>-25 THEN PuU=F*10"P4 ELSE Pu=Q
IF P6>-25 THEN P6=F*1C"P6 ELSE P6=0
IF P8>-25 THEN P8=F%10"P8 ELSE P8=0

20



1160
1162
1164
1166
1168
1170
1180
1185
1186
1190
1191
1192
1193
1194
11958
1196
1197
1198
1199
5200
1201
1202
1203
1204
1205
1231
1232
1235
1236
1249
1250
1255
1256
1258
1260
1262
1264
1266
. 1268
1270
1272
1274
1276
1278
1280
1282
1284
1286
1288
1290
1292
1294
1296
1298

PRINT TAB(30);P2:PUu;P#:P8

PRINT #2,TAB(31):P2;P4;PH;P8

T2=T2+P2

TU4=T4sPU

TE=TH5+P6

T8=T8+P8

NEXT I

PRINT 'NUMBER OF DISAGREEMENTS(DELTA-ALPHA)'
PRINT #2,'NUMBER OF DISAGREEMENTS(DELTA-ALPHA)'
FOR I=1 TO 2%KK-1

IF I=220 OR I=40 OR I=60 OR I
IF =20 OR I=40 OR I=60 OR I
PRINT CC(I):

PRINT #2,CC(I);

NEXT I

PRINT 'N!

PRINT #2,'N?

FOR I=1 TO 2*KK-1

IF I=20 OR I=u40 OR I=60 OR I=80 OR I=100 THEN PRINT 'NORMAL'

IF I=20 OR I=u40 OR I=60 OR I=80 OR I=100 THEN PRINT #2,'MORMAL'
PRINT CR(I);

PRINT #2,CR(I); -

NEXT I

PRINT 'R!

PRINT #2,'R'

PRINT #2,'T1=":;T1;' T3='":;T3;' TS=':TS:' T7=';T7

PRINT 'T1=':T1;' T3=':T3;' TS='";TS:' T7=":;T7

PRINT 'T2=';T2;' Tu=';T4;' T6=';T6;' T8=';T8

PRINT #2,'T2=':T2:' TU=':T4;' T6=":;T6;' T8=':T3

PRINT 'COMPLEMENTS'

PRINT #2,'COMPLEMENTS'

80 OR I=100 THEN PRINT 'NORMAL'
80 OR I=z100 THEN PRINT #2,'NORMAL'

TT1=0\TT2=0
PRINT 'S,DEL,dis, p1, p3, pS5,p7 for e=0 p1,p3,p5.p7 for e=2'
PRINT #2,'S,DEL,dis, p1, p3, p5,p7 for e=0 p1,p3,p5,p7 for e=2'

FOR Iz1 TO 2%*KK-1

F I>KK THEN 1268

DELTA=I
GOTO 1270
DELTA=2%KK-I
SS=DELTA-CC(I)

SSS=DELTA-CR(I)

ISS=DELTA-SS

KISSS=DELTA~-S33

CR(I)=SSS
CC(I)=SS

DELBAR=KK-DELTA

L5I=LS*DELBAR
P1=LP*SS+LQ*KISS+LSI

IF P1<-20 THEN 1328
P3=LPP*SS+LQQ*XISS+L5I

PS=LPPP*S5+LQQQ*KISS+L5I
P7=LPPPP*S5+LQOQQ*KISS+LSI

PRINT 'N';I;TAB(6);SS;TAB(9);P1;INT(P3};INT(PS) INT(PT);
PRINT #2,'N'";I;TAB(6);SS;TAB(9);P1;INT(P3);INT(PS) ;INT(PT);
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1300 IF S3>1 THEN 1306

1302 IF S3=0 THEN F=z1+2*DELBAR"2 ELSE F=1+2*DELBAR*(G/P+DELBAR)
1304 GOTC 1308

1306 F=SS*(SS~1)¥(Q/P)"2/2+3S*(Q/P)*{ 14+2*DELBAR)+1+2%DELBAR"2
1308 IF P1>=20 THEN P1=F*10°P1 ELSE P1=C

1310 IF P3>-20 THEN P3=F*107P3 ELSE P3=0

1312 IF P5>-20 THEN PS=F*10°P5 EL3E P5=0

1314 IF P7>-20 THEN P7=F*10"P7 ELSE PT7=0

1316 PRINT TAB(30);P1;P3;PS:P7

1318 PRINT #2,TAB(37):;P1,P3;P5:P7

1320 T1=T1+P1

1321 TT1=TT1+P1

1322 T3=T3+P3

1324 T5=TS«+PS

1326 T7=T7+P7

1328 REM

1330 P2=LP*SSS+LQ*KISSS+LSI

1332 IF P2<-20 THEN 1372

13234 PU=LPP*SSS+LQQ*KISSS+L5I

1336 PH=LPPP*SSS+LQQQ#*KISSS+LSI

1338 PR:zLPPPP*#SSS+LQQQQ*KISSS+LSI

1340 PRINT #2,'R':I:TAB(6):SSS;TAB(G) ;P2;INT{(PU);INT(P6)INT(P8);
1342 PRINT 'R':I;TAB(6):SSS;TAB(9);P2:INT(P4) ;INT(P6):INT(P8);
1344 IF SSS>1 THEN 1350

1346 IF SSS=0 THEN F=1+2%DELBAR"2 ELSE F=1+2%#DELBAR*(Q/P+DELBAR)
1348 GOTO 1352

1350 F=SSS*(S8SS-1)*(Q/P)"2/2+SSS*(Q/P)*(1+2*DELBAR )+ 1+2#*DELBAR"2
1352 IF P2>-20 THEN P2=F*107P2 ELSE P2=0

1354 IF P4>-20 THEN Pu=zF*10"P4 ELSE Pu=z0

1356 IF P6>-20 THEN P6z=F*10"P6 ELSE P6=0

1358 IF P8>-20 THEN P8=F#10"PR ELSE P8=0

1360 PRINT TAB(30);P2;Pu;P6;P8

1362 PRINT #2,TAB(31);P2;PU;P6;P8

1363 T2=T2+P2

1364 TT2=TT2+P2

1366 TU=Tu+PU

1368 TH=T6+P6 -

1370 T8=T8+P8
-1372 NEXT I

1374 PRINT 'NUMBER OF DISAGREEMENTS(DELTA-ALPHA)'

1376 PRINT #2,'NUMBER OF DISAGREEMENTS(DELTA-ALPHA)'

1378 FOR I=1 TO 2#KK-1

1380 IF I=20 OR I=U0 OR I=60 OR I=80 OR I=100 THEN PRINT 'NORMAL'
1382 IF I=20 OR I=40 OR I=60 OR I=80 OR I=100 THEN PRINT #2,'NOMAL'
1384 PRINT CC(I);

1386 PRINT #2,CC(I):

1388 NEXT I

1390 PRINT 'N!

1392 PRINT #2,'N’

1394 FOR I=1 TO 2%KK-1

1396 IF I=20 CR I=40 OR I=60 OR I=z80 OR I=100 THEN PRINT 'NORMAL'
1298 IF¥ I=20 OR I=40 OR I=60 OR I=80 OR I=100 THEN PRINT #2,'NORMAL'
1400 PRINT CR(I);

1402 PRINT #2,CR(I):

]
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1404
1506
1408
1409
1410
1411
1412
1413
U1l
1415
1416
1418
1419
1420
1821
1422
1423
1424
1425
1860
1461
1465
1467
1470
1473
1475
1477
1500
1530
1531
1533
1538
1535
1536
1537
1538
1540
1580
1610
1620
168¢C

NEXT I

PRINT 'R’

PRINT #2,'R'

PRINT #2,

PRINT

PRINT 'COMT1=!':TT1;' COMP2=z':;TT2

PRINT #2,'COMT1=";TT1;' COM»2=';TT2

PRINT #2,'T1=';T1;' T3=';T3;' TS=';T5;' T7=':T7
PRINT 'T1=';T1:' T3=';T3:;' TS=':;T5;' T7=':;7
PRINT 'T2='T2:;' Tu=';T4;" T6=';T6;' T8=';T8
PRINT #2,'T2=':T2:' TU=':;T4;' T6=':T6;' T8=';T8
T1=T1+T2

T3=T3+TL

TS=T5+TH

T7=T7+T8

IF T1>MIN THEN MIN=T1

IF T3I>MIN3I THEN MIN3=T3

IF T7>MIN7 THEN MINT=T7

IF T5>MINS THEN MIN5=TS

_DIFF=MIN
DIFF3=MIN3

DIFF5=MINS

DIFFT=MINT

IF DIFFCKMDIFF THEN MDIFF=DIFF\MsL

IF DIFF3<MDIFF3 THEN MDIFF3=DIFF3\M3=L

IF DIFFS<MDIFFS THEN MDIFFS5=DIFF5\M5=z=L

IF DIFF7<MDIFF7 THEN MDIFF7=DIFF7\M7=L

NEXT III

PRINT #2,'Prob=';DIFF,'MIN Probs':MDIFF:'ROT=':M
PRINT 'Prob=';DIFF,'MIN Prob=':MDIFF:'ROT="':M

PRINT #2,'Prob=';DIFF3, 'MIN3 Probs';MDIFF3:'ROT=' M3
PRINT 'Probs':DIFF3,'MIN3 Probs';MDIFF3;'ROT=':M3
PRINT #2,'Prob=';DIFFS, 'MINS Prob=z';MDIFFS;'ROT=':M5
PRINT 'Probz';DIFFS,'MINS Probs':MDIFFS;'ROT=':M5
SRINT #2,'Probz';DIFF7,'MIN7 Prob=z';MDIFF7;'ROT=' ;M7
PRINT 'Prob=z';DIFF7,'MIN7 Probz':MDIFF7;'ROT="';M7
PRINT -

PRINT #2,

NEXT II

PRINT #2,

STOP
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